Abstract This study evaluated the effect of conventional maceration and ultrasound assisted extraction techniques on the extraction yield, chemical composition and sensory characteristics of nutmeg oleoresins. Extraction was performed using material: absolute ethanol ratio 1:4, at room temperature. The volatile components of the oleoresin were identified by gas chromatography-mass spectrometry. The results of the study showed that the yield ranged from 4.55 to 9.63 %. Fifty-three compounds in the nutmeg oleoresin have been identified to account for [90 % of the total oil content. Sabinene, myristicin, elemicin, a-pinene, b-pinene, limonene, terpinen-4-ol and myristic acid were found as major compounds of all the nutmeg oleoresins obtained by different techniques. The sensory characteristics of the oleoresin were strongly influenced by the ultrasonic intensity and duration of extraction. The experimental results showed that ultrasound assisted extraction technique at 40 % of the maximal output power and 10 min produced superior quality nutmeg oleoresin with a remarkable yield.
Introduction
Nutmeg (Myristica fragrans Houtt.) is one of the most popular spices, which belongs to the family Myristicaceae (Periasamy et al. 2016) . A dried kernel of broadly ovoid seed of the nutmeg is known for its aromatic properties (Tajuddin et al. 2003) . It is a tropical tree and commonly available in Malaysia, India, Indonesia and South East of Asia (Al-Rawi et al. 2011 ). Nutmeg's flavor varies depending on its origin. Its flavor can vary from a sweetly spicy to a heavier taste (Charles 2013) .
Oleoresins are truer to the spice or herb in flavor character and tend to withstand high temperature processing to a greater extent than comparable essential oils. This phenomenon can be attributed to the influence of the nonvolatile constituents of oleoresin (Eiserle and Rogers 1972) . Oleoresin is a naturally occurring mixture of essential oil and a resin extracted from various spices with organic solvents (Moyler 1991) . The type of solvent affects the quality and quantity of oleoresin obtained (Said et al. 2015) . Alcohol meets the definition of a green solvent (Chemat et al. 2015) . Oleoresin has characteristic flavor and aroma of spices, which are the same as the original (Weiss 2002) . The seeds of nutmeg are used as a culinary spice due to its flavor and food preservation properties (López et al. 2015) . Nutmeg oleoresins are often used in flavoring soft drinks, canned foods, and cosmetics (Lim 2012) . Nutmeg oleoresin is used in the preparation of meat and vegetable dishes (Charles 2013) . Pharmacological research revealed various activities of nutmeg such as antioxidant, antibacterial, antidiabetic, hypolipidemic, hepatoprotective and analgesic (Gupta et al. 2013) . Ethanolic extract of M. fragrans seeds showed low antiproliferative activity (B53 % growth inhibitory effect) against lung, colon, prostate, head and neck and breast human cancer cell lines (Pandey et al. 2016) . The flavor and therapeutic action are due to the volatile oil (Leela 2008) .
The novel alternatives to conventional techniques for the extraction of target compounds from various matrices include those assisted with ultrasound or microwave and pre-treatments that include high-pressure processing and pulsed electric field. These novel techniques eliminate the use of toxic solvents, improve process efficiency and enhance extraction yields in a shorter time with a less thermal degradation and a high quality flavor of the extract. The application of ultrasound-assisted extraction increased recently due to the disadvantages associated with conventional and some other novel extraction techniques, such as high capital investment, high-energy consumption and the residues of toxic organic solvents in the extract (Tiwari 2015; Morsy 2015) . Food components such as aromas, pigments, antioxidants, and natural bioactive compounds have been extracted, from a variety of matrices by ultrasound-assisted extraction (Chemat et al. 2017) .
Ultrasonication generated cavitation bubbles that collapse. This collapse gives rise to micro-jets to release the essential oil from its oil glands. This cavitation effect is dependent on ultrasonic frequency and intensity, temperature, treatment time, which are crucial to the operation of ultrasonic (Li et al. 2014 ).
The present study was carried out to compare the effect of conventional extraction technique (based on maceration) and ultrasound-assisted extraction (UAE) techniques on the yield, chemical composition and sensory properties of the nutmeg oleoresin.
Materials and methods

Plant material
The fully matured dried seeds of nutmeg were purchased from Harraz Company for Medicinal Plants, Cairo, Egypt. Dried seeds were ground into a fine powder and then kept in an airtight container at 4°C until use.
Preparation of oleoresins
Maceration
The nutmeg dried seeds powder was extracted using maceration technique (technique 1) with absolute ethanol for 3 days at room temperature according to Handa et al. (2008) . The extraction was carried out using nutmeg powder to solvent ratio of 1:4 (w/v) and, subsequently, the mixture was filtered and concentrated under vacuum using a rotatory evaporator at 40°C.
Ultrasound assisted extraction (UAE)
The oleoresin was obtained by extracting 10 g of the nutmeg fine powder with 40 mL of absolute ethanol. The mixture was subjected to ultrasonic radiation in an ultrasound generator (Fisher Sonic Dismemberator, Model 300, 50 Hz, USA), equipped with a 19 mm diameter tip. The ultrasound probe was immersed to a depth of approximately 5 mm. The ultrasound assisted extraction was carried out at 20 % of the maximal output power (60 W) for 10 and 25 min (techniques 2 and 3, respectively) and at 40 % of the maximal output power (120 W) for 10 and 25 min (techniques 4 and 5, respectively), at room temperature. After ultrasonic step, the extracts were filtered, and the filtrates were evaporated to dryness at 40°C under reduced pressure. The oleoresins obtained by different techniques were filled in dark glass bottles and stored in a refrigerator at 4°C until use. Each extraction process was performed three times and the mean value of the extraction yield was recorded.
Gas chromatography-mass spectrometry (GC-MS)
GC analysis was performed on a Shimadzu GC MS-QP 2010 Ultra gas chromatograph (Kyoto, Japan) fitted with flame ionization detector (FID). The column used was a 30 m 9 0.25 mm i.d. 9 0.25 lm film thickness RTX-5 column. Flow rate of helium carrier gas was set at 1.33 mL/min. The inlet was adjusted at 210°C and the detector temperature was kept at 230°C. The split ratio was 1:10. The ionization voltage maintained at 70 eV. One lL sample was injected. The GC oven was maintained at 40°C for 2 min after injection and then programmed at 5°C/min to 210°C, at which the column was maintained for 5 min. Identification of volatile compounds was carried out using GC retention data, Kovats retention indices calculated by using n-hydrocarbons (C 9 -C 22 ) and mass spectra by computerized matching of volatile compounds with NIST 2008 and Wiley library.
Sensory evaluation
Sensory evaluation of the randomly coded oleoresin samples was conducted with ten trained panelists. Three descriptive adjectives clove-like, sweet, and spicy were submitted to these panelists. Scores were given from 0 to 10 for each adjective; 0 indicated that oleoresin was not in accordance with the adjective and 10 that the oleoresin was in perfect accordance with the descriptive adjective.
Statistical analysis
The nutmeg oleoresin yields obtained by the investigated techniques are reported as mean ± standard deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA). Duncan's multiple range test was used to compare the significance of differences at P \ 0.05.
Results and discussion
Yield of nutmeg oleoresins
The average of the yields of the different extraction techniques is presented in Table 1 . The oleoresin yield of maceration technique was significantly higher as compared with that of the other extraction techniques. UAE at 40 % of the maximal output power for 10 min resulted in oleoresin recovery similar to that obtained within 3 days of maceration. Extraction rates of oleoresin for UAE were more rapid than the maceration technique. Ji et al. (2006) reported that ultrasound could enhance the diffusion of the solvent in a substance, due to the influence of the ultrasound cavity.
The expansion of ultrasonic waves creates cavities in the solvent that collapse near the cell walls and produce highspeed jets of solvent. These jets increased the solvent penetration into the cell, caused an enlargement in the pores of the cell wall, improving the diffusion process and accelerated mass transfer (Vardanega et al. 2014) . Yield increased significantly with the extending of UAE time at lower intensity. Extending ultrasound assisted extraction time to 25 min at higher intensity caused a significant decrease in the yield of nutmeg oleoresin. Wang et al. (1997) reported that ultrasonic power was able to degrade compounds for long periods and this effect was related to ultrasound power, stability of compounds and the medium. In addition, Kowalski and Wawrzykowski (2009) as well as Da Porto and Decorti (2009), Pingret et al. (2012) and Pingret et al. (2013) demonstrated that composition of oil distilled from plant material treated with ultrasounds differed from that of oil obtained with the use of the classical methods. This difference may result from the effective liberation of certain chemical constituents from the secretory cells and structural transformations of unstable chemical compounds (degradation, oxidation, isomerization, etc.) . This could explain the variation in the percentage of some components in nutmeg oleoresin due to UAE conditions. Figure 1a -e illustrates the GC chromatograms of the nutmeg oleoresins obtained by different techniques. Table 1 lists the composition of the obtained nutmeg oleoresins according to the results of GC-MS.
Constituents of nutmeg oleoresin
The chemical structure of the major volatile compounds are depicted in Fig. 2 .
GC-MS analysis led to the identification and quantification of 53 different compounds representing [90 % of oleoresins volatile constituents. In total, 15 monoterpene hydrocarbons, 7 sesquiterpene hydrocarbons, 9 aromatics, 7 monoterpene alcohols, one oxide, one sesquiterpene alcohol, 8 esters, one ketone and 4 acids were identified. The monoterpene hydrocarbons showed the highest mean percentage followed in decreasing order by aromatic compounds, acids, monoterpene alcohols and esters in oleoresin samples obtained by maceration or UAE techniques 2 and 3, whereas acids exceeded aromatics in oleoresins obtained by UAE techniques 4 and 5. The main components in nutmeg's oleoresin were hydrocarbon monoterpenes, monoterpenes acid and aromatic ether (De Guzman and Siemonsma 1999) . Oxygenated compounds are highly odoriferous (most valuable) whereas the monoterpene hydrocarbons contribute only little to fragrance (less valuable) (Lucchesi et al. 2004 ). The highest level of oxygenated compounds was recorded in the oleoresin obtained by UAE technique 4. Sabinene, myristicin, elemicin, a-pinene, b-pinene, limonene, terpinen-4-ol and myristic acid were found as major compounds. This result is in accordance with that found by Ding (2015) .
The GC-MS analysis of nutmeg alcoholic extract showed the presence of four main compounds: myristicin, myristic acid, terpinen-4-ol and methoxyeugenol (López et al. 2015) . Sanford and Heinz (1971) concluded that the myristic acid content might serve as an indicator of the age of ground nutmeg. The UAE techniques influenced the chemical composition of nutmeg's oleoresin. Several new components, such as b-sesquiphellandrene, piperitol isomer and a-ionone were not identified in nutmeg oleoresin obtained by maceration technique.
Increase of UAE intensity from 20 to 40 % of the maximal output power caused: (1) a remarkable increase of acids (myristic acid, pentadecanoic acid and oleic acid) on the account of aromatics, (2) extraction of tetradecanoic acid ethyl ester, trans-sabinene hydrate, cis-q-2-menthen-1-ol, endobornyl acetate, trans-a-bergamotene and transsabinene hydrate acetate regardless extraction time used and (3) remarkable decrease in myrsiticin, a-pinene, bpinene and safrole. a-Ionone, citronellyl acetate, guaiol did not stand long time (25 min) of UAE at both investigated intensities. On the other hand, short UAE time (10 min) at lower intensity was not efficient in the extraction of cissabinene hydrate acetate and endobornyl acetate. Oleoresin obtained by the high UAE intensity for 25 min was characterized by its content of b-sesquiphellandrene. Its content of 1,8-cineole was similar to that obtained by maceration. Salzer (1977) recommended the ratio of 0.7 for b-pinene to myristicin and safrole as a characterizing value of nutmeg oil flavor. This ratio reached 0.49 in the maceration oleoresin. Meanwhile, it ranged from 0.60 to 0.69 in the oleoresins obtained by UAE at low intensity and exceeded 
Sensory analysis
Nutmeg oleoresin has a clove-like, sweet and spicy aroma (Charles 2013) . The sensory characteristics of nutmeg oleoresin samples varied depend on the extraction technique. The scores of all investigated features ranged from 6 to 10 on the 10 point scale. Results in Fig. 3 show that nutmeg oleoresin obtained by UAE, technique 4, possess the highest scores. This result is consistent with the chemical composition of the oleoresin as shown in Table 1 and Fig. 1d (shows a high ratio of b-pinene to myristicin and safrole) indicating its superior quality. Oleoresin obtained by technique 5 registered nearly similar acceptance. The highest score of the clove-like attribute was recorded for nutmeg oleoresins obtained by UAE (techniques 4 and 5). The highest score of spicy aroma was noted for nutmeg oleoresins obtained by UAE (techniques 4 followed by 5) and maceration technique. On the other hand, the sweetest aroma was recorded for oleoresin obtained by UAE (techniques 4). The lowest evaluation was determined in the oleoresin sample obtained by technique 2.
Conclusions
In this study, conventional maceration and ultrasound-assisted extraction were used to extract the oleoresin from nutmeg seeds. GC/MS results indicate that there were significant differences in the percentage of components detected in the oleoresin extracted by various techniques. UAE showed substantial advantages over conventional nd not detected a Retention indices using a RTX-5 column and n-alkanes (C 9 -C 22 ) as references maceration. A similar extraction yield was achieved at a shorter time when using UAE at 40 % of the maximal output power for 10 min instead of maceration for 3 days. Oleoresin obtained by this UAE technique characterized by a high ratio of b-pinene to myristicin and safrole and the highest scores of the clove-like attribute, spicy aroma and sweet aroma indicating its superior quality. 
